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A number of the critical metabolic and vascular actions of insulin, including glucose uptake and nitric oxide (NO) production, occur through an insulin receptor (IR)/insulin receptor substrate-1 (IRS-1)/phosphoinositide 3-kinase (PI 3-kinase)/ protein kinase B (Akt) pathway (25, 26, 33) . Insulin resistance in the vasculature is characterized by an endothelial dysfunction that is often described as a lack of vasodilatory responses to insulin due to a reduced bioavailability of endotheliumderived NO in response to insulin stimulation (26) . One of the molecular mechanisms for insulin resistance involves increased phosphorylation of IRS-1 at inhibitory serine (Ser) residues. A number of inhibitory Ser residues on IRS-1 and the kinases responsible for their phosphorylation have been implicated as indicators of insulin resistance (1, 8, 19, 46, 53) . The mammalian targets of rapamycin (mTOR)/70-kDa ribosomal S6 kinase (p70S6K) are Ser kinases that play a crucial role in growth, proliferation, and cellular metabolism. The mTOR/ p70S6K signaling pathway is activated through the IR/PI 3-kinase/Akt. Interestingly, activation of Akt leads to activation of mTOR/p70S6K, which phosphorylates IRS-1 at Ser residues to regulate insulin signaling as a negative feedback mechanism (19) . Hormonal and nutritional activation of mTOR/p70S6K causes insulin resistance in high-fat diet-induced insulin-resistant animal models (24, 53) . Furthermore, p70S6K knockout mice are protected from high-fat diet-induced obesity and insulin resistance (47) . ANG II activates mTOR/p70S6K in cardiomyocytes and coronary vascular smooth muscle cells, leading to cardiac and vascular hypertrophy and remodeling (21, 43) . This suggests that p70S6K may play an important role in ANG II-mediated insulin resistance in cardiovascular tissues. Therefore, we examined the role of mTOR/p70S6K in the ANG II-mediated endothelial dysfunction and vascular insulin resistance.
MATERIALS AND METHODS
Reagents. Rapamycin, 4,5-diaminofluorescein diacetate (DAF-2 DA), and NG-nitro-L-arginine methyl ester (L-NAME) were acquired from EMD Biosciences (Gibbstown, NJ). Angiotensin II, pertussis toxin, and other chemicals were acquired from Sigma-Aldrich (St. Louis, MO), antibodies to IRS-1, phospho-IRS-1 (Ser 636/639 ), phospho-endothelial NO synthase (eNOS; Ser 1179 ), phospho-Akt (Ser 473 ), Akt, phospho-p70S6 kinase (Thr 389 ), and p70S6 kinase were from Cell Signaling Technology (Danvers, MA), and the antibody to eNOS was from BD Biosciences (San Jose, CA), AG1478 and PD-123319 were from Tocris Biosciences (Ellisville, MO).
Animals. All animal procedures were performed in accordance with the Animal Use and Care Committee at the University of MissouriColumbia. Male Sprague-Dawley rats (200 -300 g) were obtained from Charles River (Wingmington, MA). Rats were provided with standard rat chow and water for ad libitum consumption while housed in pairs under a 12-h/day illumination regimen.
Functional assessment for isolated mesentery arterioles. Rats were anesthetized with an intraperitoneal injection of pentobarbital sodium (100 mg/kg). Mesenteric arterioles were excised from the animal and placed in a cooled (4°C) chamber containing dissection buffer [145 mmol/l NaCl, 4.7 mmol/l KCl, 2 mmol/l CaCl, 1.2 mmol/l MgSO 4, 1 mmol/l NaH 2PO4, 5 mmol/l glucose, 3 mmol/l 3-(N-morpholino)propansulfonic acid (MOPS) buffer, 2 mmol/l pyruvate, 0.02 mmol/l EDTA, 1% bovine serum albumin, pH 7.4]. The isolated arterioles were then cannulated onto glass micropipettes with 10-0 monofilament suture and mounted in a custom-designed tissue chamber (Living System Instrumentation, Burlington, VT). The arterioles were pressurized to 70 mmHg intraluminally with the same buffer without flow and superfused with buffer without albumin. The vessel preparations were positioned on the stage of an inverted microscope. The vessel segments were gradually warmed to 37°C during a 30-min equilibration period. After baseline diameter was established, arterioles were exposed to phenylephrine (1 mol/l) until a maximal contraction was achieved (ϳ5 min). The vessels were subsequently incubated without and with ANG II (100 nmol/l) for 4 h. Then insulin was applied abluminally at incremental concentrations (10 Ϫ9 ϳ10 Ϫ5 mol/l, 3 min/concentration). Dilator responses to insulin were observed and recorded. Measurement of vessel diameter (in m) was performed with an electronic video caliper. In some experiments, rapamycin (10 nmol/l) or the NOS inhibitor L-NAME (100 mol/l) was incubated 30 min prior to and during the exposure to ANG II. The data are expressed as means Ϯ SE. The vasodilator responses to insulin were calculated as percent relaxation from the phenylephrine constriction according to the following equation:
where IDtreat is the diameter observed obtained as the diameter when the vessel was treated with insulin, IDPE is the obtained diameter when the vessel was constricted with penylephrine, and IDw/oCaϩϩ is the maximal passive diameter observed when the vessel was fully dilated in buffer containing 2 mmol/l EGTA and 100 mol/l adenosine without Ca ϩϩ . Cell culture and transfection. Bovine aortic endothelial cells (BAECs) in primary culture were obtained from Cell Applications (San Diego, CA) and maintained in F-12K medium containing 5% fetal bovine serum (FBS), endothelial cell growth supplement (15 mol/l; BD Biosciences), heparin sulfate (50 g/ml), penicillin (100 U/ml), and streptomycin (100 g/ml). All experiments were conducted on BAECs between three and six passages. NIH-3T3 IR cells were maintained in Dulbecco's MEM supplemented with 10% FBS, penicillin (100 U/ml), and streptomycin (100 g/ml). NIH-3T3
IR cells were transfected with plasmids containing cDNA constructs using polyethyleneimine (27) . Briefly, cells were plated onto 60-mm dishes, and transfection was conducted when the cells reached 70% confluency. Cells were replenished with new medium containing FBS (complete medium) before the transfection. Isolated plasmid DNA (3 g) was diluted with 200 ml of OPTI-MEM (Invitrogen, Carlsbad, CA), and then 6 l (1 mg/ml) of polyethyleneimine was added to DNA. The DNA mixture was incubated for 15 min at room temperature, and 1 ml of complete medium was added to the DNA mixture and sprinkled onto the cells.
Plasmid constructs and mutagenesis. HA-human IRS-1 was a kind gift from Dr. Michael Quon (26) . Point mutants of IRS-1-WT were created using the Quick Change site-directed mutagenesis kit (Stratagene, La Jolla, CA) according to the manufacturer's instructions. Human IRS-1 cDNA template was amplified by polymerase chain reaction (PCR) using primers 5=-AGA CTA TAT GCC CAT GGC CCC CAA GGC CGT ATC TGC CCC ACA G-3= and 5=-CTG TGG GGCAGATAC GGC CTT GGG GGC CAT GGG CAT ATA GTC T-3=. Fig. 3 . Pretreatment with rapamycin restores the insulin-stimulated phophorylation of eNOS that is inhibited by ANG II. BAECs were serum-starved overnight and treated without or with AG1478 (5 mol/l), PD-123319, (10 M), rapamycin (25 nmol/l), or pertussis toxin (100 ng/ml) for 30 min prior to ANG II (100 nmol/l, 4 h). Then the cells were stimulated without or with insulin (100 nmol/l) for 10 min. Cells were harvested, and the cell lysates were immunoblotted with antibodies against phospho-(Thr 389 ) and total p70S6K (A) and phospho-(Ser 1179 ) and total eNOS (B). Immunoblots shown are representative of those that were independently repeated at least 3 times, and the quantifications of 3 independent experiments are shown as bar graphs (means Ϯ SE). *P Ͻ 0.05; **P Ͻ 0.01; ***P Ͻ 0.001 compared with no treatment (A) and insulin treatment (B), 1-way ANOVA with Dunnettt's post hoc test. Fig. 4 . Pretreatment with rapamycin restores the insulin-stimulated nitric oxide (NO) production that is inhibited by treatment with ANG II. BAECs were serum-starved overnight and treated without or with ANG II (100 nmol/l, 4 h). Then the cells were loaded with 4,5-diaminofluorescein diacetate, as described in MATERIALS AND METHODS. Cells were then stimulated without or with insulin (100 nmol/l, 10 min). After insulin treatment, cells were fixed in 2% paraformaldehyde and visualized with an epifluorescent microscope, as described in MATERIALS AND METHODS. Emission of green fluorescence is indicative of NO production. Experiments shown are representative of those that were repeated independently at least 3 times.
Preparation of cell lysate and immunoblotting. Before lysis, cells were briefly washed with ice-cold PBS. Cells were then scraped in lysis buffer containing 50 mM Tris (pH 7.2), 125 mmol/l NaCl, 1% Triton X-100, 0.5% NP-40, 1 mmol/l EDTA, 1 mmol/l Na 3VO4, 20 mmol/l NaF, 1 mmol/l Na pyrophosphate, and complete protease inhibitor cocktail (Roche Applied Science). Cell debris was pelleted by centrifugation of samples at 17,000 g for 10 min at 4°C. Supernatants were then boiled with Laemmli sample buffer for 5 min, and proteins were resolved by 10% SDS-PAGE, transferred to nitrocellulose membranes, and immunoblotted with specific antibodies as described in the figures using standard methods. Immunoblots were quantified by Image Analyzer and Quantity One (Bio-Rad, Hercules, CA).
Measurement of NO production. BAECs were grown to 95% confluence in 24-well black plates (Denville, Metuchen, NJ) and serum-starved overnight. The next day, the cells were treated without or with ANG II (100 nmol/l) for 4 h. Cells were then loaded with DAF-2 DA (1 mol/l) for 10 min at 37°C, rinsed three times with F-12K, and kept in the dark. Production of NO was assessed using the NO-specific fluorescent dye DAF-2 DA (EMD Biosciences), as described previously (27) . Cells were then treated without or with insulin, as indicated in the figure legends. In some experiments, L-NAME (100 mol/l) or rapamycin (25 nmol/l) was added 30 min before ANG II treatment. After stimulation, cells were fixed in 2% paraformaldehyde for 5 min at 4°C. Fixed cells were visualized with a Zeiss inverted epifluorescence microscope (Axio Observer A1) using appropriate filters for a peak excitation wavelength of 480 nm and a peak emission wavelength of 510 nm. Images were captured and analyzed by using AV Rel 4.7 software with multichannel modules.
Statistics. Values are presented as means Ϯ SE. Western blots were analyzed by one-way analysis of variance (ANOVA) combined with Dunnett's post hoc test. For the comparisons of vasodilatory responses between no pretreatment, ANG II, rapamycin, and ANG II plus rapamycin were analyzed by repeated measurements of two-way ANOVA combined with Bonferroni post hoc test.
RESULTS

Ang II inhibits insulin-stimulated phosphorylation of eNOS
and Akt. Insulin-signaling pathways in endothelial cells contribute to increased blood flow and vasodilation through the IR/IRS-1/PI 3-kinase/Akt signaling pathway, which leads to phosphorylation of eNOS at Ser 1179 (1177 in human) (32) . To explore the effect of ANG II on insulin signaling in vascular endothelial cells, we pretreated BAECs with ANG II (100 nmol/l) over various time periods and then stimulated with insulin (100 nmol/l) for 10 min. We observed that insulinstimulated phosphorylation of eNOS and Akt was inhibited with pretreatment of ANG II (Fig. 1) .
The mTOR/p70S6K signaling pathway plays a role in the ANG II-mediated inhibition of insulin-stimulated phosphorylation of eNOS. To examine the effect of ANG II alone on the phosphorylation of p70S6K in BAECs, we treated BAECs with ANG II for different time periods. ANG II alone stimulated the phosphorylation of p70S6K in a time-dependent manner (Fig. 2) . Previously, it was shown that the mTOR/p70S6K pathway plays a role in the negative regulation of insulin signaling through increased phosphorylation of IRS-1 at Ser residues (47, 53) . Therefore, we next examined whether ANG II promoted the phosphorylation of IRS-1 at Ser 636/639 , one of the well-known target sites for mTOR/p70S6K (47, 53) . We observed that treatment with ANG II in BAECs stimulated the phosphorylation of IRS-1 at Ser 636/639 in a time-dependent manner ( Fig. 2A) . These results suggest that the ANG IImediated inhibition of insulin signaling may be through a mechanism that stimulates phosphorylation of IRS-1 by mTOR/p70S6K. To investigate the specific pathway by which ANG II activates mTOR/p70S6K, we explored previously known ANG II signaling pathways, including the transactivation of the epidermal growth factor receptor (EGFR) (31) and the activation of G i associated with ANG II receptor 2 (AT2R). We pretreated BAECs with AG1478 (an inhibitor of EGFR), pertussis toxin (an inhibitor of G i ), PD-123319 (an inhibitor of AT2R), or rapamycin (an inhibitor of mTOR) and then performed the similar experiment, as described previously (Fig. 1) . The ANG II-stimulated phosphorylation of p70S6K was inhibited significantly by pretreatment of rapamycin and pertussis toxin but not by AG1478 or PD-123319 (Fig. 3A) . The insulin-stimulated phosphorylation of eNOS was restored by pretreatment with rapamycin but not by AG1478, pertussis Fig. 5 . Pretreatment with rapamycin (Rapa) restores the insulin-stimulated vasodilation that is inhibited by treatment with ANG II. Mesenteric arterioles were isolated from Sprague-Dawley rats. The arterioles were cannulated onto glass micropipettes and pressurized to 70 mmHg using a Pressure Servo System and warmed to 37°C over 30 min for stabilization. The arterioles were treated without or with rapamycin (10 nmol/l, 30 min), and arterioles were treated without or with ANG II (100 nmol/l, 4 h). Arterioles were constricted with penylephrine (1 mmol/l) and then exposed to increasing concentrations of insulin. The vasodilatory activity of insulin on the arterioles was observed and recorded using a data acquisition system. In some experiments, NG-nitro-Larginine methyl ester (L-NAME; 100 mol/l, 30 min) was applied prior to insulin exposure. A: mesenteric arterioles were dilated in response to insulin in a concentration-dependent manner, and the insulin-stimulated dilation was inhibited by pretreatment of L-NAME. B: insulin-stimulated vasodilation was inhibited by ANG II and restored by pretreatment with rapamycin. No treatment (n ϭ 6), ANG II (100 nmol/l for 4 h; n ϭ 5), Rapa (10 nmol/l; n ϭ 6), Rapa ϩ Ang II (n ϭ 6), and L-NAME (n ϭ 11). %Vasorelaxation was calculated as described MATERIALS AND METHODS. Means Ϯ SE. *P Ͻ 0.05, ***P Ͻ 0.001; the data were analyzed by repeated measurements of 2-way ANOVA combined with Bonferroni post hoc test.
toxin, or PD-123319 (Fig. 3B) . These results suggest that activation of mTOR/p70S6K plays an important role in inhibition of insulin-stimulated phosphorylation of eNOS.
mTOR/p70S6K is involved in the ANG II-mediated inhibition of insulin-stimulated NO production. Phosphorylation of eNOS stimulates the catalytic activity of eNOS to produce NO (12, 15) . The effect of ANG II-mediated inhibition of insulinstimulated NO production in BAECs was measured using the NO-specific fluorescent dye DAF-2 DA. Insulin-treated cells showed increased fluorescence, indicating that insulin stimulates NO production. Short time treatment (30 min) of ANG II did not affect insulin-stimulated NO production. However, prolonged treatment with ANG II (4 h) inhibited insulinstimulated NO production. In addition, pretreatment with rapamycin restored the insulin-stimulated NO production that was inhibited by treatment with ANG II (Fig. 4) . These results are consistent with our immunoblotting experiments shown in Fig.  3 . Furthermore, insulin-stimulated NO production is dependent on eNOS activity because pretreatment with L-NAME abolished the insulin-stimulated production of NO (data not shown). These results indicate that ANG II inhibits the insulinstimulated activity of eNOS through a mTOR/p70S6K-mediated mechanism.
mTOR/p70S6K plays a role in the ANG II-mediated inhibition of insulin-stimulated vasodilation.
To examine the potential physiological relevance of the ANG II-mediated inhibitory effects on insulin-stimulated NO production, we evaluated the vasodilatory responses of isolated mesenteric arterioles to insulin after a 4-h incubation without or with ANG II. Mesenteric arterioles were dilated in response to insulin in a concentrationdependent manner (Fig. 5A) . The insulin-stimulated vasodilatory responses were significantly blunted by pretreatment with L-NAME (100 nmol/l), indicating that the insulin-stimulated vasodilatory response in these arterioles is due mainly to the activation of eNOS via phosphorylation at Ser 1179 . Next, we incubated the arterioles with ANG II for 4 h and then examined the vasodilatory responses to insulin without or with rapamycin. Treatment with ANG II inhibited insulin-stimulated vasodilatory responses compared with the response to insulin alone (P Ͻ 0.05; Fig. 5B ). Pretreatment with rapamycin restored the insulin-stimulated vasodilatory responses. Rapamycin alone did not affect the insulin-stimulated vasodilatory responses (P Ͼ 0.5; Fig. 5B ). Consistent with our in vitro experiments in cultured endothelial cells (Figs. 3 and 4) , these ex vivo results suggest that ANG II inhibits the insulin-stimulated vasodilatory responses through a mTOR/p70S6K-mediated mechanism.
ANG II inhibits insulin signaling through AT1R-mediated activation of the mTOR/p70S6K pathway. To examine the involvement of AT1R, we transiently transfected a fibroblast cell line (NIH-3T3 IR ) that normally does not express AT1R with plasmid containing AT1R cDNA and then treated the cells without or with ANG II. The cells overexpressing AT1R were able to stimulate p70S6K and phosphorylate IRS-1 at Ser 636/639 in response to ANG II (Fig. 6A) . The phosphorylation of p70S6K and IRS-1 at Ser 636/639 was inhibited by pretreatment with wortmanin (PI 3-kinase inhibitor) or rapamycin but not by Go6976 (calcium-dependent PKC inhibitor). However, pretreatment with Go6976 was able to inhibit the ANG II-stimulated phosphorylation of ERK (Fig. 6B) . Next, we investigated whether insulin signaling is inhibited by ANG II in the cells overexpresing AT1R. Insulin-stimulated phosphorylation of Akt was inhibited by treatment with ANG II, whereas phosphorylation of ERK was not affected (Fig. 6C) . We then examined the role of phosphrylation of IRS-1 Ser 636/639 in ANG II-mediated inhibition of insulin signaling. To address this, we constructed a point mutation of IRS-1 at Ser 636/639 to Ala and then transiently cotransfected NIH-3T3
IR cells with plasmids containing IRS-1 WT or IRS-1 S636/639A mutant with AT1R. The cells overexpressing IRS-1 WT showed reduced phosphorylation of IRS-1-associated p85 subunit of PI 3-kinase in response to ANG II. In contrast, in the cells overexpressing the IRS-1 Ser 636/639A mutant, association of p85 subunit of PI 3-kinase with IRS-1 was not inhibited by ANG II treatment (Fig. 6 ).
DISCUSSION
ANG II plays an important role in the pathophysiology of cardiovascular diseases and metabolic disorders, including insulin resistance and diabetes (11, 34, 35) . Evidence from clinical trials, animal models, and cellular studies indicates that RAS inhibitors, including inhibitors of renin, AT1R blockers, and angiotensin-converting enzyme inhibitors, improve insulin sensitivity and ameliorate endothelial dysfunction (9, 14, 20, 28 -30, 36) . This suggests that ANG II plays an important role in insulin resistance and endothelial dysfunction. eNOS is one of the crucial molecules that link the reciprocal relationship between endothelial dysfunction and insulin resistance (26) . In the present study, we observed that ANG II activates mTOR/ p70S6K, leading to phosphorylation of IRS-1 at Ser 636/639 and inhibition of insulin-stimulated phosphorylation of eNOS, reducing the production of NO, and impairing vasodilation. This ANG II-mediated vascular insulin resistance may be one of the mechanisms for the link between metabolic disorders and cardiovascular complications.
Insulin resistance vs. endothelial dysfunction. Insulin signaling is inhibited by an acute treatment with ANG II (25-30 min) in both hepatocytes and human umbilical vascular endothelial cells (4) . We observed that the inhibitory effect of ANG II on insulin-stimulated phosphorylation of eNOS and NO production occurred after 2-4 h of ANG II treatment (Fig. 1) . The discrepancies in the pattern of responses to ANG II may be due to the cell type specificity that includes expression levels of AT1R, cross-talk between AT1R and AT2R, cross-talk between G proteins, involvement of unknown molecules with regard to the ANG II signaling pathway, etc.
Differential effects of AT1R and AT2R stimulation on insulin-mediated NO production. Both AT1R and AT2R are expressed in vascular endothelial cells, whereas AT1R is expressed exclusively in vascular smooth muscle cells (37, 39, 42) . The expression levels of AT1R and AT2R are differentially regulated by various conditions, including developmental stage, pathological conditions, tissue specificity, etc. (6, 7, 39) . ANG II inhibits insulin-mediated NO production and blood flow through AT1R (10, 37), whereas AT2R is required for insulin-stimulated blood flow (10) . ANG II stimulates NADPH oxidase and produces excess reactive oxygen species (ROS), which is implicated as a mechanism for ANG II-mediated pathophysiology of hypertension, cardiac dysfunction, and endothelial dysfunction as well as insulin resistance (11, 38, 50) . We cannot exclude the possibility that NADPH oxidase and ROS are involved in ANG II-mediated inhibition of vasodilation. We observed that NADPH oxidase inhibitors, including apocynin and diphenylene iodonium, were able to inhibit the phosphorylation of IRS-1 at Ser 636/639 in the presence of ANG II (data not shown). Thus, ANG II-mediated ROS can contribute to activation of mTOR/p70S6K as well as directly reduce NO availability that leads to impairment of insulin-stimulated vasodilation.
ANG II activates EGFR. Treatment of ANG II alone acutely activates the PI 3-kinase/Akt pathway through AT1R (Fig. 2) . AT1R stimulates the PI 3-kinase/Akt/mTOR/p70S6K pathway through transactivation of EGFR or the ␤-arrestin-mediated mechanism ( Fig. 7) (2, 5, 13, 23, 44, 52) . We observed that the inhibitor of EGFR (AG1478) was able to inhibit the phosphorylation of IRS-1 at Ser 636/639 . However, unlike rapamycin, AG1478 was not able to restore the responses to insulin. It has been suggested that EGFR is involved in ANG II-mediated insulin resistance in hepatocytes through a MAPK-dependent mechanism (5). It is possible that EGFR is involved in ANG II-mediated insulin resistance, but the pharmacological reagent may have nonspecific activity that could inhibit a molecule that is required for the insulin-signaling pathway to activate eNOS.
The role of mTOR/p70S6K. In the present study, we observed that rapamycin was able to restore the insulin-stimu- Fig. 7 . Schematic diagram of ANG II signaling pathway in vascular endothelium. ANG II stimulates mammalian target of rapamycin (mTOR)/S6K through transactivation of epidermal growth factor (EGF) receptor activating mTOR/S6K that contributes to inhibition of insulin-stimulated phosphorylation of eNOS, production of NO, and vasodilation. lated phosphorylation of eNOS, production of NO, and vasodilation that was inhibited by treatment of ANG II. Thus, it is clear that inhibition of the mTOR/p70S6K pathway prevents the ANG II-mediated endothelial dysfunction. It is possible that both kinases contribute to ANG II-mediated phosphorylation of IRS-1 at Ser 636/639 . Further studies are required to clarify this issue. Overexpression of the IRS-1 Ser 636/639A construct was resistant to ANG II-mediated insulin resistance. Phosphorylation of IRS-1 at Ser 636/639 sites was inhibited by pretreatment with rapamycin. Since p70S6K phosphorylates multiple serine sites on IRS-1 (4, 53) , it is possible that not only Ser 636/639 but also the other sites may be responsible for the ANG II-mediated insulin resistance and endothelial dysfunction. It would be interesting to determine whether knockout of mTOR or p70S6K can prevent ANG II-mediated hypertension and insulin resistance.
Phosphorylation of IRS-1 at Ser 636/639 . Increased serine phosphorylation of IRS-1 is implicated as one of the mechanisms for insulin resistance (8) . Although there are a few serine sites that promote insulin signaling (18, 22) , most of these serine sites are negatively regulating insulin signaling by inhibition of interactions with phospholipid, IR, and PI 3-kinase (8) . We observed that ANG II stimulated the phosphorylation of IRS-1 at Ser 636/639 at the early time point of 20 min. However, the attenuated response to insulin was not observed concurrently with the phosphorylation event. One possible scenario is that the phosphorylation event leads to ubiquitindependent degradation of IRS-1 that in turn contributes to insulin resistance (5, 53) . In fact, ANG II causes the degradation of IRS-1 in hepatocyte and vascular smooth muscle cells (5, 45) . Thus, it is possible that the phosphorylation of IRS-1 can lead to an acceleration of the degradation process. Phosphorylation of IRS-1 at Ser 636/639 by Rho kinase enhanced insulin sensitivity in skeletal muscle cells (16) , whereas it was increased in the adipose tissue from ob/ob mice that is insulin resistant (53) . Thus, each kinase may differentially phosphorylate more than one Ser site on IRS-1, and the overall outcome of positive and negative modifications may determine the activity of IRS-1 that is closely related to insulin sensitivity. In conclusion, mTOR/p70S6K plays an important role in ANG II-mediated vascular insulin resistance in vascular endothelium that may contribute to cardiovascular and metabolic complications. Thus, mTOR/p70S6K may be a therapeutic target for ANG II-associated hypertension and insulin resistance.
